General experimental details
Commercially available reagents were purchased from Sigma Aldrich, Carbolution and Carbosynth. These reagents and laboratory grade solvents were used without further purification. Dry solvents were purchased in sealed bottles over molecular sieves. Solvents for oxygen-sensitive reactions were degassed prior to use by a continuous argon flow through the reaction mixture for about 10 minutes. All reactions were monitored by TLC (Thin Layer Chromatography) using coated silica plates with fluorescent indicator and visualized with UV-light (254 nm) or stained with a Blue-Shift solution (Ce(SO 4 ) 2 ; molybdatophosphoric acid; sulfuric acid). Reactions under high pressure were conducted in an autoclave (Büchi) equipped with a manometer or in microwave tubes sealed with a gastight climber cap. Flash chromatography was performed with silica gel 60 (0.04-0.063 mm) using laboratory grade solvents. High-resolution mass spectra were recorded on a Bruker microTOF-Q II ESI (ESI). NMR-spectra were recorded on Varian Systems 300 and 500 instruments. The chemical shifts (δ) are indicated in parts per million (ppm) downfield of TMS and referenced to the respective residual undeuterated solvent peak as follows: CDCl 3 = 7.26 ppm; MeOH-d4= 3.31 ppm for 1 H-NMR and CDCl 3 = 77.0 ppm; MeOH-d4= 49.00 ppm for 13 C-NMR. Apparent coupling constants (J) are reported in Hz.
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Synthesis of the phosphoramidites
Compounds 1, 2b, 2c, and 4a were synthesized as described previously.
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1- ((2R,4S,5R)-5-((bis(4-methoxyphenyl) 
In a microwave vial 1 (300 mg, 0. 164,75; 160,22; 160,17; 151,54; 146,25; 139,07; 138,28; 137,55; 137,38; 136,90; 135,75; 133,82; 132,23; 131,39; 131,21; 129,34; 128,86; 127,85; 127,11; 114,21; 114,15; 113,12; 87,54; 86,90; 85,60; 71,75; 65,82; 55,74; 41,43; 38,72; 36,70; 25,02; 23,54; 15,19; 13,83 
1-((2R,4S,5R)-5-((bis(4-methoxyphenyl)(phenyl)methoxy)methyl)-4-hydroxytetrahydrofuran-
2-yl)-5-(2-(2-methyl-5-(naphthalen-2-yl)thiophen-3-yl)cyclopent-1-en-1-yl)pyrimidine-2,4(1H,3H)-dion (3c)
In a (dt, J = 13.6, 6.8 Hz, 1H), 1.55 (dt, J = 13.4, 6.6 Hz, 1H).
13 C NMR (125 MHz, CDCl 3 ): δ = 162, 35; 158,72; 158,69; 158,60; 158,47; 149,98; 147,45; 145,04; 144,70; 140,89; 140,83; 139,59; 138,03; 137,59; 136,74; 136,38; 136,31; 136,27; 136,17; 136,01; 135,41; 134,32; 133,85; 133,74; 133,44; 133,37; 132,75; 132,70; 131,36; 131,35; 130,30; 130,18; 129,95; 129,25; 128,84; 128,34; 128,22; 128,10; 128,06; 128,03; 127,95; 127,86; 127,85; 127,17; 126,89; 126,74; 126,21; 126,17; 124,60; 124,57; 123,68; 123,55; 123,34; 113,28; 113,15; 112,62; 112,40; 86,54; 86,40; 84,71; 83,56; 77,16; 71,52; 71,26; 63,98; 62,38; 55,36; 55,32; 40,35; 40,26; 38,21; 38,15; 36,05; 35,88; 24,95; 22,82; 14,47; 14,17 
S5 (2R,3R,5R)-2-((bis(4-methoxyphenyl)(phenyl)methoxy)methyl)-5-(5-(2-(2,5-
In a 
S6 (2R,3R,5R)-2-((bis(4-methoxyphenyl)(phenyl)methoxy)methyl)-5-(5-(2-(2-methyl-5-(naphthalen-2-yl)thiophen-3-yl)cyclopent-1-en-1-yl)-2,4-dioxo-3,4-dihydropyrimidin-1(2H)-yl)tetrahydrofuran-3-yl (2-cyanoethyl) diisopropylphosphoramidite (4c)
In a Schlenk flask under argon, 3c (385 mg, 0.47 mmol)
and Hünig Base (0.12 mL, 0.71 mmol) were dissolved in dry DCM (10 mL) and cooled down to 0 °C. 3 Synthesis and purification of photochromic oligonucleotides
Solid-phase oligonucleotide synthesis
The modified oligonucleotides were synthesized by solid-phase phosphoramidite chemistry on an Expedite 8909 (Applied Biosciences) in the 5'-DMT-on mode. Reagents were purchased from Roth and Sigma Aldrich (Proligo) and used without further purification. As solid support, 500 Å CPG (Controlled Pore Glass) was used. DNA standard phosphoramidites were dissolved in dry acetonitrile in a concentration of 0.075 M and molecular sieve (Roth, 4 Å, type 514, Perlform) was added. The modified phosphoramidites (4a,b,c) were dissolved in dry acetonitrile at a concentration of 0.1 M. A standard 1 µmol DNA protocol was used. After the synthesis, the solid phase was treated with 25% aqueous ammonia (4 h, 40 °C) and washed with 25% ammonia (3 x 1 mL) and Millipore water (3 x 1 mL) to remove the oligonucleotide completely from the solid support. The ammonia/water mixture was lyophilized, the crude product dissolved in water, filtered and purified by preparative HPLC using a semi-preparative Luna C18 column (5 μm, 250 X 15.0 mm, Phenomenex) at a flow rate of 5 mL/min. As solvents, gradients of buffer A (0.1 M triethylammonium acetate in water, pH 7) and buffer B (0.1 M triethylammonium acetate in 80% acetonitrile) were used.
The manually collected product fractions were lyophilized, detrilytated using 2% aq.
trifluoroacetic acid (TFA) solution, then neutralized with saturated aq. NaHCO3 solution and then precipitated with iPrOH. The purity of the oligonucleotides was analyzed by both analytical HPLC and LC-MS.
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Analytics
The purity of the synthesized oligonucleotides was analyzed using a HP 1200 HPLC (Agilent) with a diode-array detector coupled to a microTOF-Q II ESI mass spectrometer (Bruker) and processed with the Hyphenation Star PP (Version 3.2.44.0) Software (Bruker Daltonics). A kinetex C18 column (2.6 μm, 100 X 2.1 mm, Phenomenex) column was used with a gradient of buffer C (100 mM hexafluoroisopropanol + 8.6 mM triethylamine, pH 8.3) and methanol (LC-MS grade, Sigma Aldrich) Table S1 : Method for purity analysis of the synthesized oligonucleotides The switching efficiency was determined by irradiating the respective oligonucleotide for 10 min with a 310 nm LED in a 50 μL cuvette with a concentration of 3 μM. The sample was then analyzed by HPLC with a Synergi Fusion-RP (80 Å, 4 μm, 150 x30 mm, flow rate 1mL/min) to separate the different isomers. The two diastereomers of the closed ring form also absorb light in the visible range and can therefore be differentiated from the open isomer. Integration of the corresponding peaks leads to the ratio between the open and the closed isomer. The extinction coefficients of both isomers at 260 nm are nearly the same due to the strong absorption of the nucleotides at this wavelength, which allows the integration of the peaks to extract the switching efficiency.
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Figure S7: Spectral changes of the photoswitchable DNA strands carrying two and three chemically different diarylethenes upon irradiation with UV light. A 20 µM solution of the DNA in water was irradiated for the indicated time intervals (see inset) with UV light (310 nm) and after each interval a UV/VIS absorption spectrum was recorded.
